Patients with insulin dependent diabetes mellitus who develop proteinuria may die prematurely, whereas those who do not develop this complication have a comparatively normal life span. The excess mortality in diabetics with proteinuria is from cardiovascular as well as renal disease, but the reason is unclear. Risk factors for vascular disease were therefore assessed in 22 insulin dependent diabetics with proteinuria, but not renal failure, who were matched for sex, age, duration of diabetes, and glycated haemoglobin (HbA,) values with a similar number who had normal urinary albumin excretion rates.
Introduction Accelerated atherogenesis and premature cardiovascular mortality are recognised complications of diabetes.' Epidemiological studies suggest that in both insulin dependent and non-insulin-dependent diabetes there is an excess risk of macrovascular disease.'-1 The determinants of risk of ischaemic heart disease in the general population are cigarette smoking, hypertension, and serum low density lipoprotein (LDL) and high density lipoprotein (HDL) cholesterol concentrations.67 These risk factors operate in diabetes but provide only a partial explanation for the greatly increased likelihood ofischaemic heart disease. ' (table III) . Total HDL cholesterol concentrations did not differ significantly when isolated by ultracentrifugation, but the value was decreased in patients with proteinuria when precipitation was used (p=0 03). There was also a significant reduction in the concentration of cholesterol in the HDL2 subtraction determined by ultracentrifugation (p=0.03) with a suggestively higher concentration of cholesterol transported in HDL3 (p=0-08; 95% confidence interval -0-01 to 0-23 mmol/l) in patients with proteinuria.
Discussion
We have shown in a case-control study that insulin dependent diabetics with proteinuria, even in the absence of renal failure, have a higher prevalence of atherosclerotic disease than do those with a normal albumin excretion rate and renal function. This was associated with significantly higher systolic and diastolic blood pressure and reduced concentrations of serum HDL and HDL2 cholesterol and a tendency for increased concentrations of serum HDL3 and total cholesterol. The LDL cholesterol to apolipoprotein B mass ratio was increased to a similar degree in both proteinuric and non-proteinuric patients, confirming observations that a less dense LDL, possibly intermediate density lipoprotein, is found in insulin dependent diabetes mellitus.'314 Cigarette smoking was similar in both groups and so did not account for the difference in macrovascular complications.
Increased cardiovascular mortality has been reported-to accompany the development of proteinuria in insulin dependent diabetes mellitus.'3 As patients who did not develop proteinuria were found to have almost normal life expectancy,"3 5 most patients with insulin dependent disease who develop premature atherosclerosis are likely to have proteinuria. The reason for this association, which was previously unknown, now seems likely to be due to an aggregation of risk factors for atherosclerotic disease. Other studies have suggested that there is an increase in blood pressure in insulin dependent diabetes mellitus during the phase ofmicroalbuminuria, even before progression to the stage of overt proteinuria, present in our patients.33 '35 This may lead to an early increase in the transcapillary escape of albumin.`A concomitant increase in the transcapillary escape of other macromolecules might be expected to accelerate atheroma by facilitating the entry of lipoproteins and other atherogenic blood components into the arterial wall.3"
In addition to our findings, patients with insulin dependent diabetes mellitus and proteinuria may be more prone to atherosclerotic vascular complications by,virtue of the enhanced platelet adhesion,25 higher blood viscosity,38 and raised plasma fibrinogen concentrations39 associated with the development of nephropathy.
There have been previous studies of serum lipoprotein concentrations in insulin dependent diabetes mellitus complicated by albuminuria (> 150 ,ug/min) which, compatible with our findings, were associated with increases in serum triglyceride values, total and LDL cholesterol and apolipoprotein B concentrations, and a decrease in total serum HDL cholesterol isolated by precipitation of other lipoproteins with phosphotungstate and magnesium.44' We have extended these studies by combining similar observations with an investigation of vascular morbidity, blood pressure, and HDL subfractions.
Our finding that total HDL cholesterol concentrations were lower when isolated by phosphotungstate and magnesium precipitation rather than by ultracentrifugation confirms our earlier observation.42 That the different HDL cholesterol concentration by the two methods was most pronounced in patients with proteinuria suggests that a change in the composition of HDL associated with nephropathy might account for the disparity. We know, for example, that the lipoprotein Lp(a) has a hydrated density which overlaps with HDL243 but that because of its apolipoprotein B content it may precipitate with phosphotungstate. As high concentrations of Lp(a) have been linked with coronary heart disease,43 this aspect of HDL composition in diabetes may be of considerable interest.
There has been dispute about whether serum cholesterol in HDLP 16 A) . We have proposed that in the nephrotic syndrome the increased serum HDL3 concentration is due to increased production; however, because of the smaller size of HDL3 it is more readily lost into the urine before it has circulated long enough to acquire sufficient cholesterol to become HDL2.26 A similar mechanism may operate in insulin dependent diabetes mellitus, the production of HDL being accelerated by the rapid lipolysis of triglyceride rich lipoproteins which are themselves secreted at an abnormally high rate. 49 Lipoprotein lipase activity is raised in diabetics receiving systemic insulin treatment.9 The HDL thus produced may, however, be catabolised more rapidly than normal owing to glycation and in patients with nephropathy by increased urinary loss, particularly of the smaller HDL3 species, perhaps before they can be converted to larger HDL2 particles. In addition to the association of proteinuria with an increased prevalence of macrovascular disease, this study provides further evidence for a link between nephropathy, hypertension, and proliferative retinopathy.50 Some workers have concluded that the common factor underlying the association between renal and retinal microangiography is cigarette smoking.5" In our study, however, the association between proteinuria and proliferative retinopathy was evident even though cigarette smoking was as common in patients without proteinuria. An alternative possibility is that the lipoprotein abnormalities described here and in earlier reports38 54 may have a role in the propagation of microvascular disease secondary to their accumulation in mesangial cells. This may in turn lead to proliferation and increased synthesis ofbasement membrane glycosylaminoglycans, as has been proposed in primary renal disease. 55 We conclude that the effects of early nephropathy on lipoprotein metabolism in diabetes in particular may have been neglected. Our study and that of Vannini et al40 suggest that there are cogent reasons further to elucidate the role of the kidney in lipoprotein metabolism in insulin dependent diabetes mellitus. We have shown that patients with insulin dependent diabetes mellitus and proteinuria have an increased prevalence of macrovascular disease with an associated excess of known cardiovascular risk factors. In practical terms efforts to reduce the excessive mortality in insulin dependent diabetes mellitus from ischaemic heart disease should therefore be focused on patients with proteinuria, who may benefit most from intensive management with antihypertensive and lipid modifying agents.
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Introduction
Insulin dependent diabetes is characterised by a high relative mortality,' which recent studies have shown is confined almost entirely to patients developing persistent proteinuria. Furthermore, mortality from cardiovascular disease also tends to be higher in patients with proteinuria than in those without.2 Previous studies
